INTRODUCCTION
In recent years a metal oxide semiconductors have been paid attention due to their excellent chemical and physical properties. ZnO (Zinc oxide) is considered as one of the most attractive semiconductor materials for its implementation in photo-detectors, gas sensors, photonic crystals, light emitting diodes, photodiodes, and solar cells, due to its novel electrical and optoelectronic properties. There are different uses of metal oxide semiconductors such us, UV photodetectors which are useful in space research's, missile warning systems, high flame detectors, air quality spotting, gas sensors, and precisely calculated radiation for the treatment of UV-irradiated skin (1) .
ZnO is a metal oxide semiconductors and it is used as a transparent conducting oxide thin film because it has the best higher thermal stability, best resistance against the damage of hydrogen plasma processing and relatively cheaper if one compares it with ITO (2) . However, the resistivity of pure ZnO thin films is high and its conductivity is low. It is usually necessary to promote the conductivity and this can be done by doping ZnO with various dopants and by thermal treatment in a reducing atmosphere (3) . To obtain higher conductivity of ZnO materials, the ZnO has been doped with other dopant materials such as ZnO doped with aluminum AZO, Indium IZO and gallium materials GZO (4) (5) (6) . In recent years wide attention has been drawn on inorganic 1D semiconductor nanomaterials (e.g., nanotubes, nanorods, and nanowires) because usually show various significant electronic and photo-electrochemical properties and have a prospective application in photonic and electronic devices (7) (8) (9) (10) (11) . ZnO materials have been grown with different techniques, such as chemical vapor deposition (CVD) (12) , hydrothermal system process (13) , thermal evaporation (14) , pulsed laser deposition (15) , sputtering (16) , and etc.
In this paper, a convenient low cost, and low growth temperature chemical bath deposition (CBD) method was used to synthesis pure ZnO nanorod and aluminum doped ZnO nanorods with different doping concentration. Also, the effect of Al-doped ZnO on the morphology and structure of ZnO nanorods have been investigated. The second step is, an RF magnetron sputter coater is employed using high purity ZnO target (99.999% purity) (17) . ZnO seed layers of 150 nm thick are de- scanning range was between 20˚ and 80˚ to study the surface morphology and structure respectively.
MATERIALS AND METHOD

RESULTS
The surface morphology of the undoped (ZNs) and Al-doped ZnO (AZO) nanorods grown on glass substrate by chemical bath deposition method at 95 ºC for 5 h are shown in figure 1 . Figure ( The lattice parameters and the interplanar distance of wurtzite hexagonal structure of ZnO nanorods are summarized in tables 1, 2 and 3 and calculated according to Bragg's law (18) .
2dsinθ=nλ (1) Where d is the interplanar distance, n is the order of diffraction that usually is 1, λ is X-ray wavelength.
The lattice constants a and c of the ZnO wurtzite hexagonal structure can be found using Bragg's law, as it's shown in tables 1,2 and 3 (19, 20) . 
Where θ is the angle of the diffraction peak.
The strain (Ƹc) and perpendicular strain (Ƹa) of the ZnO nanorod grown on the glass substrate along c-axis and a-axis respectively can be obtained by using the following equation, and are described in the tables 1, 2 & 3. (Ƹc) and (Ƹa) are calculated according to the following equations (21, 22) : The Average particle size of ZnO nanorods fabricated by CBD method is calculated using the Debye Scherer formula. (23) : D = Kλ βcos θ (6) Where k is a constant which is taken to be 0.9, λ is the wavelength of the X-ray (0.154056 nm), β is the full width at half maximum of the peak and the θ is the Braggs diffraction angle. The structural properties of the ZnO nanorods are shown in Table 1 , 2 and 3. The dislocation density (δ), which represents the amount of defects in the crystal, is estimated from the following equation (18) :
Where D is the average particle size of the ZnO nanorods (24, 25) . The crystal structure of the undoped (pure) ZnO nanorods prepared by CBD is shown in figure (2a) . It can be notice that ZnO nanorods have hexagonal structure, remarkably sharp peak at 2θ =34.3750, which is assigned to be the (002) peak of hexagonal structure and with (FWHM) is 0.7872, and this is meaning that the most ZnO nanorods are grown along c-axis (26) . Figure (2b) shows the XRD pattern of the 0.2% Al-doped ZnO nanorods, from the figure one can found that the prominent sharp peak at 2 θ =31.775, which is assigned to be the ( (27) . 
